HPD-950 resins were used to adsorb phenol and resorcinol from simulated solution by placing them in 250ml conical-stopper flasks and shaking at 150 rpm for 4h, the thermodynamic parameters and the effect of ammonia and sulfide were investigated. The study showed that the phenol adsorption onto HPD-950 were more suit to Langmuir model but resorcinol adsorption onto HPD-950 were more suit to Freundlich model, the value of parameters such as Gibbs free energy( G) , enthalpy( H) and entropy ( S) were all negative indicated that the adsorption processes were spontaneously heat release processes and the confusion of system decreased during the processes, the existence of ammonia was propitious to phenol adsorption onto resins while the sulfide was disadvantageous for the phenol adsorption.
1.Introduction
The application of coal gasification techniques has very important sense for helping to relieve the dwindling supply of natural gas in China and Lurgi process is one of the most common technique processes in practice. However, the coal-gasification process generates a large amount of wastewater which contains high concentration of phenolic compounds, polycyclic aromatic hydrocarbons, ammonia, cyanide, sulfide and a variety of refractory and toxic compounds [1] . The concentration of total phenol in wastewater reaches up to 5000mg/L or even higher, in this condition, the biological treatment is difficult to carry out. Phenols have high perniciousness for environment and are harmful for human health, so they are treated as priority pollution by the US environmental protection agency [2] and people are also strict with the concentration of sewage discharge in China. Therefore, the pretreatment to remove phenols from coal-gasification wastewater is cruial in practical. The methods for the removal of phenols pollution in coal-gasification wastewater can mainly be divided into four categories: solvent extraction, steam dephenolizing, biological treatment and adsorption treatment [3, 4] . There are also some studies about resins adsorption for the removal of phenols [5] , and resin adsorption were used more in the advanced treatment of coal-gasification wastewater [6] without considering the effect of concomitant substance. In this study, HPD-950 resins were used to adsorb phenols from high concentration simulated phenols wastewater and choose the best adsorbent. The effect factor such as the existence of ammonia and sulfide were studied.
2.Materials and Methods

2.1.Resins, reagents and instrument
The resins, HPD-950 was purchased from Cangzhou BON Adsorber Technology Company. Their physical properties are listed in Table . SHZ-82 Constant-temperature shaker (Guohua, Changzhou), 722S spectrophotometer (Shanghai).
Phenol, resorcinol, 4-aminoantipyrine, potassium ferricyanide, ammonia, sodium sulfide and ammonium sulfate were all analytical grade and used without further purification. In this experiment, the adsorbed solutions were simulated by dissolving phenol or resorcinol in deionized water based on the characteristic of coal-gasification wastewater.
2.2.Experimental procedure
Equilibrium adsorption experiments were carried out at 293, 303 and 313 K in 250 ml conical-stopper flasks. The flasks which contained 0.5 g resins (HPD-950) and 100 ml solutions with different initial concentration (100, 200, 500, 1000, 2000, 5000, 10000mg/L) were placed in the Constant-temperature shaker to shake 4h when the adsorption process reached equilibrium. Sodium sulfide and ammonium sulfate were added as the source of hydrogen sulfide and ammonia to study their influence in the adsorbent operation.
2.3.Analytical methods
Some physical properties of the resin were tested by Surface and Pore Determinator (NOVA4200e, Quantachrome instruments). The concentration of phenol and resorcinol were measured by a 722S spectrophotometer at wavelength of 510 nm in the 4-aminoantipyrine spectrometric method. The equilibrium adsorption capacity of the resins, Q e (mg g 
3.Result and discussion
3.1.Study of HPD-950 adsorption thermodynamic properties
The concentration of phenol and resorcinol played an important role in overcoming the mass transfer limitations of phenol and resorcinol between the aqueous and solid phases. The Fig.1-2 showed the effect of initial concentration on the equilibrium adsorption capacity of HPD-950 at different temperatures. From the Fig.1-2 , We can see that the q e increased with the increasing of initial concentration but decreased with the increasing of temperature. Furthermore, the rising trend became gentle while the initial concentration of phenol and resorcinol was higher than 5000mg/L because the adsorbent provided limited number of surface binding sites. At low initial concentration, the phenol and resorcinol are adsorbed on the active sites near the outer surface and the substance no longer diffuses to the active sites which are near the interior surface. In contrast, at high initial concentration, the phenol and resorcinol can get deeper into the interior matrix until the pores are all clogged. This indicated that the resins adsorb more phenol and resorcinol while the initial concentration is higher [7] , just as showed in Fig.1-2 . The adsorption capacity of resin decreased with the increasing of temperature, which indicated that the adsorption processes of phenol and resorcinol onto HPD-950 were heat release processes. Adsorption process is one kind of interfacial phenomenon the concentration of phenol and resorcinol on resins were higher than that in solutions after the adsorption occurred, which causes the system heat release and free energy decrease, furthermore, the saturated solubility of phenol and resorcinol will increase with the increasing of temperature, all of the reasons lead to the decreasing of adsorption capacity [8] . Several models are used to describe the experiment data of adsorption equilibrium, in this study, Langmuir and Freundlich models were used to explain the equilibrium between phenol or resorcinol in the solution and on the HPD-950 resin. The Langmuir model is valid for monolayer adsorption onto a surface containing a finite number of identical sites [9] , while the Freundlich model is valid for heterogeneous surfaces and the adsorption capacity is related to the equilibrium concentration of phenol and resorcinol [10, 11, 12] . Table  showed the isotherm parameters of phenol and resorcinol adsorption on HPD-950 at different temperature. From Table  , we can see that phenol and resorcinol adsorption both suit to Langmuir and Freundlich models to a certain degree, but phenol adsorption on HPD-950 were more suit to Langmuir model and resorcinol adsorption on HPD-950 were more suit to Freundlich model. The value of Freundlich model exponent, n, all higher than one, indicated that the adsorption process were physical process [13] and favorable adsorption, furthermore, 1/n were lower than 0.5, which represented that the adsorption were easy to achieve. In adsorption process, both energy and entropy factors were considered to determine that if the processes will occur spontaneity. Generally, the value of parameters such as Gibbs free energy( G) , enthalpy( H) and entropy ( S) changes is calculated to indicate the adsorption process. These parameters are showed as followed [14, 15] : The isosteric adsorptive enthalpy changes with temperature expressed as 
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Where k is a constant and H is calculated from the slope of line plotted by lnC e and 1/T, n is the characteristic constants of Freundlich equation, R is the universal gas constant (8.314J/mol K).
From Table , we can see that the values of H were all negative, this also indicated that the adsorption processes were heat release processes, the adsorption capacity of resin decreased with the increasing of temperature. The absolute value of H reduced gradually in low solution concentration, and increased while the concentration is higher in a certain range until the concentration got a certain degree, at last, the H reduced again. Both phenol and resorcinol adsorption processes, the values of H were lower than 40kJ/mol, which indicated that the adsorption were physisorption processes in nature. The nonuniformity of resin surface and active sites lead to the change of H, the adsorbate molecules firstly adsorb at the active sites with higher energy near the outer surface and release more heat at the beginning of adsorption process, with the increasing of adsorbate molecules on the resins, the adsorbate molecules adsorb gradually at the active sites with lower energy near the outer surface and the active sites with higher or lower energy near the interior surface until all the active sites were taken up. All the value of G were lower than 0, showed that the processes were spontaneous. The value of S was also negative that changed with the changing of H, because the system's confusion decreased for the movement space of phenol molecular changing from three-dimensional space in solution to two-dimensional space on resin surface. 
3.2.The effect of concomitant substances
The Fig.3 showed that ammonia was propitious to phenol adsorption on resins while the existent of sulfide was disadvantageous for the phenol adsorption. The hydrogen ion concentration increased because of the combining of ammonia and hydroxyl, which leaded to the changing of phenol existence state to nonionic, and phenol molecules with higher hydrophobicity were easy to adsorb onto resins. In contrary, sulfide promoted the changing of phenol nonionic to ionic and reduced the adsorption capacity of resin. 
4.Conclusion
In this study, the adsorption thermodynamic properties and the effect of concomitant substances such as ammonia and sulfide on the adsorption were analyzed. The following results are obtained: The isotherm data of phenol and resorcinol adsorption on HPD-950 resins both suit to Langmuir and Freundlich models to a certain degree, but phenol adsorption on HPD-950 were more suit to Langmuir model and resorcinol adsorption on HPD-950 were more suit to Freundlich model. The value of Freundlich model exponent, n, all higher than 1 and 1/n were lower than 0.5, indicated that the adsorption processes were favorable adsorption and the adsorption were easy to achieve. The adsorption capacity of resin decreased with the increasing of temperature and increased with the increasing of initial concentration. The value of adsorption parameters such as Gibbs free energy ( G), enthalpy ( H) and entropy ( S) showed that the adsorption processes were spontaneously heat release processes and the confusion degree of system decreased. The existence of ammonia was propitious to phenol adsorption on resins while the existence of sulfide was disadvantageous for the phenol adsorption.
